In order to examine expression of the Tn antigen on erythroid cells from a patient with Tn syndrome, we applied a selective two phase liquid culture system for human erythroid progenitors in peripheral blood. The cells were analyzed with flow cytometry employing an anti-Tn antibody and a lectin of Vicia villosa which recognizes only the Tn determinant. In the second phase, the Tn antigen was expressed on the cultured cells from the patient on day 3 and Tn-positive cells reached 62.7 on day 9. On the other hand, Tn-positive cells were not detected in the volunteer's cultured cells. When the patient's cells were co-cultured with the cells from a healthy volunteer, the percentage of Tn-positive ceils was much lower than the expected value, suggesting that the normal cells suppressed the expression of Tn antigen on the patient's cells.
INTRODUCTION
The Tn syndrome is an acquired clonal disorder characterized by the exposure of a normally hidden determinant, the Tn antigen, on the surface of human erythrocytes, platelets, granulocytes, and lymphocytes (Bird et at., 1971; Vainchenker et al., 1985) . This disorder may be associated with a mild hemolytic anemia, leukopenia, or thrombocytopenia, but has also been described in some acute leukemias or myeloproliferative diseases (Bird et al., 1976; Baldwin et al., 1979; Ness et aI., 1979; Vainchenker et al., 1985) . The biochemical basis of Tn activation is now well characterized and corresponds to the exposure of an N-acetylgalactosamine residue carried by cell surface glycoproteins, which arises from a selective loss of a 3-/~-D-galactosyltransferase activity in Tn-positive cells (Dahr et al., 1974; Cartron et al., 1978a Cartron et al., , 1978b Cartron et al., , 1979 .
On the developmental expression of the Tn antigen in the various blood cells, there has been little research, because a sequential system suitable for obtaining undifferentiated and differentiated cells has not been available. However, recently, Fibach et al. (1989 Fibach et al. ( , 1990 ) and we (Wada et al., 1990) have reported a new method of a two phase liquid culture system for human erythroid progenitors existing in the peripheral blood. This culture system is useful for studying not only the erythroid differentiation but also the expression of various blood group antigens in erythroid progenitors (Wada et al., 1990) . By using the two phase liquid culture system for peripheral blood mononuclear cells from a patient with a typical Tn syndrome, the development and expression of the Tn antigen on erythroid cell membranes were analyzed sequentially. In order to define possible mechanisms for the expression of the Tn antigen, a mixed culture of the mononuclear cells from the patient and a healthy volunteer was performed, and we clarified whether the expression of Tn antigen was suppressed by normal cells.
MATERIALS AND METHODS

Patient.
A 55-year-old Japanese man was admitted to Tottori Prefectural Central Hospital in May 1990 because of a bleeding tendency. Admission laboratory data were: hemoglobin 11.9 g/dl, erythrocytes 3.91x106//~1, reticulocyte count 1.9~, white blood cells 1,400/,A, platelets 18,000/ul. The counts of blasts in the peripheral and bone marrow blood were 1.0 and 9.0~, respectively. The number of blasts and morphological abnormalities detected in the myeloid series, erythroblasts, and platelets corresponded with those of refractory anemia with excess of blasts (RAEB) in myelodysplastic syndrome (MDS) of FAB classification (Bennett et al., 1982 (Bennett et al., , 1985 . The erythrocytes were agglutinated with monoclonal anti-H, but not with monoclonal anri-A or anti-B antibody. The sera contained anti-A and anti-B antibodies. Originally the ABO-blood group system was typed as group O. The patient had received no blood transfusions until this admission. The erythrocytes were polyagglutinable and strongly agglutinated with extracts from Dolichos biflous, Salvia sclarea, Vicia villosa, and Helix pomatia, but unreactive with hexadimethrine bromide (Polybrene), Arachis hypogaea, and cord serum (as seen in RESULTS). The direct and indirect antiglobulin tests were negative.
These data indicated expression of the Tn antigen on the erythrocytes. In addition, flow cytometric analyses revealed the Tn antigen on platelets, granulocytes, monocytes, and lymphocytes. Accordingly, the diagnosis of Tn syndrome associated with RAEB was made.
Cells. Heparinized whole blood was drawn from the cubital veins of the patient with the Tn syndrome and unrelated healthy volunteers after informed consent. Using 15-ml plastic tube, 7.5 ml of the whole blood was centrifuged over 4.5 ml Ficoll-Conray medium (Immunobiological Laboratories, Fujioka) in each tube at 500 g for 30 rain at the room temperature. After centrifugation, the mononuclear cells were harvested from the interfaces, pooled and washed twice with Iscove's modified Dulbecco's medium (IMDM; GIBCO Laboratory, Grand Island, NY). The erythrocytes from the lower layer were washed three times in isotonic saline solution. Production of polyelonal anti-Tn antibody. About 4.5 x t09 Tn-positive erythrocytes diluted in 5 ml of saline were injected three times into the ear vein of a rabbit every 5 days. Then, the serum prepared from the immunized rabbit was tested for production of anti-Tn.
Lectins
Hemagglutination tests. Various lectins and the sera from the rabbit were used for the hemagglutination tests according to the technical manual of the American Association of Blood Banks (Widman, 1985) . As for the test procedure, 40 /A of 2~ erythrocyte suspensions were mixed with 40/~1 of the lectins or sera in a test tube and incubated for 30 rain at 37~
Hemagglutinations were observed after centrifugation for 1 rain at 300 g.
Absorption tests.
The procedure was performed according to the technical manual of the American Association of Blood Banks (Widman, 1985) . One volume of Tn-negative or Tn-positive erythrocytes was added to the same volume of serum from the immunized rabbit and incubated for 2 hr at 37~ and then overnight at 4~
After incubation, the suspension was centrifuged for 5 min at 1,000x g. The ability of the supernatants to agglutinate erythrocytes of various phenotypes was then tested.
Dimercaptoethanol (2ME)-treatment.
The treatment was performed according to the method of Mollison (1983) . Briefly, 50 ,~l of a 2ME (Wako Pure Chemical Ind., Osaka) were incubated with the equivalent volume of serum for 2 hr at 37~ after which hemagglutination tests were conducted on the Tn-positive erythrocytes.
High pressure liquid chromatography (HPLC).
In order to assess the activity of the anti-Tn antibody in the serum, HPLC analysis was performed by using a model 342 gradient liquid chromatographic system (Beckman Instruments Inc., Berkeley, CA) with a TSK-GEL 3000 SW column (Toyo Soda, Tokyo) according to the method of Kamesaki et al. (1989) . The system included a 114 M pump, a loop-type 21A injector, and a model 1600UV variable wave length detector operated at 280 nm. The eluent was a phosphate buffer (0.1 M, pH 6.5) and 0.3 M NaC1 and the injection volume was 100/A. The molecular weight markers were obtained from Bio-Rad Laboratories (Richmond, CA).
Liquid culture system. Experiments were carried out by a liquid culture according to our method (Wada et al., 1990) . The procedure was divided into two phases. Mononuclear cells were suspended in IMDM with 10% fetal calf serum (FCS; Flow Laboratories, North Ryde, NSW, Australia) and 5% phytohemagglutinin-stimulated leukocyte conditioned medium (PHA-LCM) which was prepared as described previously (Suda et all, 1985) . Then the cells were incubated at 1 x 106/ml in 25 cm ~ tissue culture flasks (Corning Glass Works, Corning, NY) at 37~ in a humidified atmosphere of 5 % CO2 for 5 days. PHA was supplied from Wako Pure Chemical Ind. Before the second phase, the number of total floating cells was counted, and then they were treated by the carbonyl iron method (Tebbi et al., 1976) to remove phagocytic ceils. After treatment, nonphagocytic cells were recultured in IMDM with 30% FCS, 1% deionized bovine serum albumin (BSA; Sigma Chemical Co.), 10 -5 M 2ME, 300 yg/ml iron saturated transferrin (Sigma Chemical Co.), and 2 U/ml recombinant erythropoietin (Snow Brand Milk Products Co., Tochigi) using six-well tissue culture plates (Coster, Cambridge, MA). The cells were incubated at 37~ in a humidified atmosphere containing 5 % 02 and 5 % CO2. Every other day, viable cells were counted by eosin exclusion, and differential counts were made on cytospin preparations stained with Wright-Giemsa stain solution.
Flow cytometry. Fluorescence analyses were performed on a Spectrum II[ (Ortho Diagnostics Systems Inc., Raritan, NJ) according to the method of Hashimoto et al. (1986) . First, about 1 x 106 cells of the erythrocytes, peripheral mononuclear cells or cultured cells were washed twice in a 0.06 M phosphate buffered saline solution, pH 7.3 (PBS), and incubated with 100 yl of the FITC-labeled V. villosa, anti-Tn antiserum from the immunized rabbit, or monoclonal anti-A antibody produced in our laboratory at 37~ for 30 rain. After washing twice in PBS, the erythrocytes incubated with the FITC-labeled tectin were suspended in 100 ~1 of PBS and then analyzed by the Spectrum III. On the other hand, the erythrocytes incubated with the antiserum or monoclonal antibody were reincubated with the FITC-labeled anti-rabbit or -mouse immunoglobulin (IgG+M+A) antibody, washed twice in PBS, and then analyzed by the Spectrum III.
RESULTS
Reactivities of lectins with Tn-erythrocytes
The patient's erythrocytes were screened with a battery of lectins and found to react strongly with V. villosa, H. pomotia, and D. biflorus, and moderately with S. selarea, but not with A. hypogaea. In addition, these erythrocytes were not hemagglutinated by Polybrene or cord sera. These serological findings indicated the presence of the Tn antigen on erythrocytes.
Production of polyclonal anti-Tn antibody
Before immunization, antibody activity to all human erythrocytes was found in the rabbit serum. The titers against Tn-negative group A, B, O, and Tn-positive group O erythrocytes were 32, 4, 1, and 16, respectively. After immunization, the titers against Tn.-negative and Tn-positive group O erythrocytes increased to 16 and 128, respectively. Absorption tests demonstrated the activities of anti-A, -B, -H, and -Tn antibodies in the serum from the immunized rabbit. The anti-Tn antibody was purified through absorption of the rabbit serum with a mixture of group A, B, and O erythrocytes. This serum then hemagglutinated only Tn-positive erythrocytes to a titer of 128. The titer decreased to 8 on 2ME-treatment. The immunoglobulin class of the anti-Tn antibody was determined to be IgM, because its activity was demonstrated in the first peak with a molecular weight of around 900 kDa in HPLC.
Proliferation and differentiation of erythroid progenitors
In the first phase, mononuclear cells from peripheral blood of a group A healthy volunteer and the patient with Tn syndrome were cultured in the presence of 5~ PHA-LCM, the numbers of cells increased from 10.2x106 to 13.8x106 and from 5.8 x l0 G to 8.0 x 106, respectively. After removing phagocytic ceils, the cultured cells decreased to 6.9 x 106 and 4.8 x 106 cells. In the second phase, cell growth was remarkable; the total numbers of the recultured cells from the volunteer, patient, and a mixture of both rose to 3.3 x 106, 2.4 x 106, and 3.7 x 106 cells/ml on day 9. The morphological changes on the cultured cells during the second phase of the culture was shown in Fig. 1 and Table 1 . On day 0, 99.9~ of the cells were blastic. Erythroid cells increased sequentially day by day in the second phase. Basophilic erythroblasts were detectable on day 3 and orthochromatic erythroblasts and erythrocytes were observed on day 6. On day 9, total erythroid cells in the cultured cells from the volunteer, patient, and their mixture reached 92.0, 75.5, and 59.0~, and mature orthochromatic erythroblasts and denucleated erythrocytes made up 85.1, 68.2, and 50.0~ of these erythroid cells, respectively. Cells containing granules or macrophages were defined as others. Such cells were less than 3.0~ of the total cells during this period. Morphological abnormalities that included the presence of macroerythroblasts, nuclear-cytoplasmic maturation asynchromy, multinuclearity, and abnormal nuclear shape were shown in the erythroid cells of the patient (Fig. 2) . These changes indicate the disordered erythropoiesis and are compatible with MDS.
Expression of Tn antigen on erythroid cells
The Tn antigen on cells were analyzed by flow cytometry using polyclonal antibody and the lectin of V. villosa which recognizes only the Tn antigen. In the patient with Tn syndrome, the Tn antigen on the erythrocytes was scored, of which 65.9 and 45.7~ were labeled by the antibody and Iectin, respectievly (Fig. Vol. 37, No. 4, 1992 3). In contrast, the erythrocytes from healthy volunteers were entirely negative for the Tn antigen. The Tn antigen on the peripheral mononuclear cells from the patient which were prepared for the liquid culture were positive (41.9 ~) as shown in Fig. 3 . At the end of the first phase of the culture, the Tn antigen was not detected. Figure 4 summarizes the result obtained in a series ofexperi ments to determine the expression of the Tn antigen on the cells in the second phase of the culture. The Tn expression on the cultured cells obtained from the patient, which was detected by the anti-Tn, increased further during differentiation to mature erythroid series, and 62.7 ~ of the cells exhibited the Tn antigen on day 9 of the second phase. However, the detection system for the Tn antigen using the lectin of V. vilIosa was not so effective, because the Tn-positive cells were strongly hemagglutinated and reduced by the lectin. During this culture period, Tn-positive cells were not detected on the volunteer's cells. In the culture of the mixture of cells from the patient and volunteer, a population of the Tn-positive cells developed, but the percentage was significantly inhibited (0.9~) as shown in Table 2 . On the other hand, on day 9 of the second phase, the group A antigen was expressed on 29.5~ of the cells obtained from the volunteer and 13.5~ of the mixture cells from the volunteer and patient, while it was never detected in the cells from the patient (Fig. 5) . in the mixed culture, the group A antigen developed as might have been expected, while the Tn antigen was suppressed.
DISCUSSION
The Tn syndrome is characterized by a heterogeneous population of Tn-positive peripheral blood cells that lack the enzyme of 3-/3-D-galactosyltransferase, and normal Tn-negative cells (Sturgeon et al., 1973; Cartron et al., 1978b Cartron et al., , 1979 Bigbee et al., 1990) . The somatic mutation-induced clonal origin of the disorder has been recently reported by the demonstration of Tn-positive and Tn-negative clones derived from burst-forming-unit erythroid (BFU-E), colony-forming-unit eosinophil (CFU-Eo), colony-forming-unit granulocyte/macrophage (CFU-GM), and mixed colony-forming-unit (CFU-GEMM) colonies grown from blood samples obtained from patients with Tn syndrome (Vainchenker et al., 1982 (Vainchenker et al., , 1985 Brouet et al., 1983; Bigbee et al., 1990 ).
In the erythroid series, we have investigated the level of cell differentiation at which the Tn antigen might be expressed. The presence of Tn determinants was explored by the anti-Tn lebeling of erythroid cells derived from peripheral mononuclear cells obtained from a patient with a typical Tn syndrome. A two phase culture system is appropriate for obtaining substantial numbers of erythroid cells of a much more homogeneous population, and therefore it is useful for analyses of the expressions of various membrane components (Wada et al., 1990) .
The liquid culture was divided into two phases. At the end of the first phase of the culture, the cultured cells had no detectable expression of the Tn antigen. Tn-positive cells were initially detected on day 3 of the second phase, and increased during erythroid maturation. Serological and biochemical evidence has shown that N-acetyl-D-galactosamine, when covalently bound to erythrocyte surface sialoglycoproteins, glycophorin A and glycophorin B by an alkali-labile O glycosidic linkage, is the chief structural determinant of Tn specificity (Dahr et al., 1974; Vainchenker et al., 1982; Springer and Desai, 1985) . Previously we have demonstrated the expression of glycophorin A in erythroid cells on day 3 of the second phase using the liquid culture system (Wada et al., 1990) . These data suggest that the expression of glycophorin A and Tn antigens is in parallel.
In the present study, we have demonstrated that the erythroid differentiation was poor in the cultured cells derived from the patient with Tn syndrome. We were interested in exploring the relationships between the expression of Tn antigens on the erythroid cells and their differentiation. Vainchenker et al. (1985) have put forward a hypothesis that the carbohydrate structure of the Tn antigen may play a crucial role in the regulation of pluripotent stem cells, and the unmasking of this determinant on the Tn-positive clone may be responsible for its proliferative advantage.
In our experiments, the mixed culture of peripheral mononuclear cells from the volunteer and patient suppressed the expression of Tn antigens but did not improve the erythroid differentiation. Accordingly, it is difficult to conclude that erythroid differentiation is directly influenced by the Tn antigen. In addition, this fact suggests that 3-/~-D-galactosyltransferase was secreted by the cultured cells from the volunteer and affected cultured cells from the patient.
